Objective. To investigate the association of polymorphisms in uncoupling protein 2 (UCP2) and peroxisome proliferator-activated receptor (PPARγ) with glucolipid metabolism in Chinese Han population. Methods. Five hundred eighty-nine subjects were divided into normal glucose tolerance (NGT) group (n = 198) and abnormal glucose tolerance group (n = 358). HbA1c, blood lipid profile, plasma glucose, and insulin were determined. Insulin sensitivity (HOMA-IR and Matsuda index (ISI M )) and insulin secretion indexes (HOMA-β, early and total phase disposition index) were evaluated. Eight potential functional SNPs in UCP2 and 7 in PPARγ were selected. SNPs were genotyped on Sequenom MassARRAY platform. Results. The GG genotype of rs2920502 in PPARγ was associated with decreased risk of impaired glucose tolerance (G allele: OR: 0.818, 95%CI: 0.526-0.969, P = 0 042; GG: OR: 0.715, 95%CI: 0.527-0.97, P = 0 031). The TT genotype of rs3856806 in PPARγ was associated with increased risk of impaired glucose tolerance (T allele: OR: 1.46, 95%CI: 1.055-2.017, P = 0 022; TT: OR: 1.58, 95%CI: 1.104-2.761, P = 0 032). The GG genotype of rs2920502 in PPARγ had better blood glucose and increased insulin secretion and had lower HOMA-IR than GC/CC genotypes. Conclusion. It probably could prevent insulin resistance in early stage by classifying the genotype of rs649446 and rs7109266 in UCP2. The GG genotype of rs2920502 in PPARγ had a decreased risk for diabetes. The TT genotype of rs3856806 in PPARγ had an increased risk for diabetes.
Introduction
Uncoupling protein 2 (UCP2), which is widely expressed in human tissues and serves as an uncoupler of oxidative phosphorylation, is involved in the regulation of glucolipid metabolism and ATP production [1, 2] . The association of the polymorphisms in UCP2 with diabetes and obesity have been widely evaluated, most studies focused on Ala55Val (rs660339) in exon 4, 45 bp insertion/deletion in exon 8, and -866G/A (rs659336) in the promoter region [3, 4] . The polymorphisms in UCP2 regulate the expression of mRNA and protein, which have vital effects on islet β-cell function and insulin sensitivity [5, 6] . The -866AA genotype carriers have decreased glucose-stimulated insulin secretion and have increased risk of diabetes than those GG genotype carriers [7] . Although a variant allele of the Ala55Val polymorphism was reported to be associated with lower energy expenditure and the 45 bp insertion/deletion polymorphisms were found to be functional on mRNA expression, the association of Ala55Val (rs660339) in exon 4 with diabetes remain controversial [8] [9] [10] .
Peroxisome proliferator-activated receptor (PPARs) play pivotal roles in the control of the transcription of UCP2 [11, 12] . PPARs have three isoforms, including Pparα, Pparδ, and PPARγ. PPARγ is a regulator of lipid and glucose metabolism and therefore its synthetic ligands such as glitazone-the derivative of thiazolidinediones (e.g., troglitazone, rosiglitazone, and pioglitazone)-improve insulin and glucose parameters and increase whole body insulin sensitivity [13] . These PPARγ synthetic ligands could indirectly increase insulin-stimulated glucose uptake in adipocytes, skeletal muscle cells, and hepatocytes [13] . Our previous study found that the UCP2-deficient mice fed with a longterm high-fat diet had better insulin sensitivity, improved lipid metabolism, and upregulated expression of PPARγ in PPAR signaling pathway, which suggested the ameliorated lipid metabolism and insulin sensitivity in UCP2-deficient mice probably via PPARγ. It was most likely that among Ppar isoforms, PPARγ was the major regulator of UCP2 in highfat diet [14] . One study based on Chinese Han population showed that functional SNPs of PPARγ were associated with MetS [15] . The relationship between potential functional SNPs and diabetes remains unknown.
The inflammation pathway is involved in the pathophysiology of diabetes and obesity. Previous study showed that PPAR polymorphisms were independently associated with CRP levels in Chinese Han population; PPARs polymorphisms interact with overweight/obesity to set CRP levels [16] . In healthy children and adolescents, UCP2 -866G>A modified low-grade inflammatory state [17] . Whether UCP2 and PPARγ polymorphisms have an effect on inflammation state in diabetes remains unknown.
In this study, we built a Chinese Han population cohort with variant glucose tolerance and aimed to further investigate the association of polymorphisms in the functional region of UCP2 and PPARγ with glucolipid metabolism.
Subjects and Methods
2.1. Subjects. All subjects were recruited from a type 2 diabetes project in a Beijing suburb in China between March 2014 and January 2015. Five hundred eighty-nine subjects without a history of diabetes underwent a 75 g OGTT. The 75 g OGTT was conducted after an overnight fast (>10 hours). Blood samples were collected at 0 minutes, 30 minutes, 60 minutes, and 120 minutes following the OGTT. The glucose tolerance status of each subject was classified based on the 1999 criteria of the WHO: a normal glucose tolerance (NGT), indicated by fasting plasma glucose (FPG) < 6.1 mmol/l and 2 h postprandial glucose (2 h PG) < 7.8 mmol/l; prediabetes, indicated by impaired fasting glucose (IFT): 6.1 mmol/l ≤ FPG < 7.0 mmol/l and 2 h PG < 7.8 mmol/l; impaired glucose tolerance (IGT), indicated by FPG < 6.1 mmol/l and 7.8 ≤ 2 h PG < 11.1 mmol/l; or IFT + IGT, with T2DM indicated by FPG ≥ 7.0 mmol/l or 2 h PG ≥ 11.1 mmol/l.
The subjects who have a current history of cigarette smoking and alcohol drinking were excluded, and subjects with serious diseases such as heart disease, stroke, kidney disease, liver disease, and inflammatory disease were also excluded. Subjects who were on steroids or who were taking drugs interfering with lipid metabolism such as lipidlowering agents, diuretics, β-blockers, and fish oil were excluded. On the basis of the 75 g OGTT results, subjects were divided into normal glucose tolerance (NGT) group (n = 198) and abnormal glucose tolerance group (n = 358). The study protocol was approved by the Ethics Committee of Peking Union Medical College Hospital. The subjects voluntarily signed informed consent forms.
Clinical Measurement.
A standardized medical history and accurate physical examination were undertaken in all of the subjects before a 75 g OGTT was administered. Measurements of waist circumference (WC) (midway between the iliac crest and the costal margin) and hip circumference (HC) (at the level of the trochanters) were performed twice by the same observer, and the mean value was recorded. Weight and height were measured without shoes in light clothing, and body mass index (BMI) was calculated by dividing the body weight in kilograms by the square of the height in meters. Blood pressure measurements were obtained twice with a standard mercury sphygmomanometer with the subjects at rest, and the mean value was calculated.
Biochemical Measurements.
Plasma glucose was measured by glucose oxidase assay. TC, TG, HDL-C, and LDL-C were determined using an automated analyzer. Serum insulin and C peptide were measured by chemiluminescent enzyme immunoassay. HbA1c analysis was performed by high-performance liquid chromatography (intra-assay CV < 3%, interassay CV < 10%).
Assessment of IR.
Homeostatic model assessment of insulin resistance (HOMA-IR) was calculated to evaluate the IR [18] .
Assessment of β-Cell
Function. The homeostasis model assessment of insulin secretion (HOMA-β) was calculated as basal insulin release [18] . Early-phase insulin release was calculated as the total insulin area under the curve divided by the total glucose area under the curve during the first 30 min of the OGTT (InsAUC 30 /GluAUC 30 ), which was shown to have a strong correlation with firstphase insulin secretion [19] . Insulin secretion relative to insulin sensitivity (ISI M : Matsuda insulin sensitivity index) was expressed as the disposition index (DI), calculated as early-phase DI 30 2.6. Measurement of Tumor Necrosis Factor-α (TNF-α) and Interleukine-6 (IL-6). Serums were from fasting blood samples. The levels of TNF-α and IL-6 were performed as per the manufacturer's instructions (Cloud-Clone Corp., There was no significant difference in allele frequency of each SNP in UCP2 between prediabetes/diabetes group and normal glucose tolerance group (Table 3) . In PPARγ, the G allele in rs2920502 decreased the risk of diabetes (OR: 0.818, 95%CI: 0.526-0.969, P = 0 042), the T allele in rs3856806 increased the risk of diabetes (OR: 1.46, 95%CI: 1.055-2.017, P = 0 022) ( Table 3 ). In UCP2, there was no significant difference between alleles in each SNP.
Genotype Analysis.
The association of SNPs with prediabetes/diabetes was assessed by crosstab test and logistic regression after adjustment for age and sex. In PPARγ, the frequency of GG genotype in rs2920502 was significantly lower in prediabetes/diabetes subjects (6.85%) than in the normal glucose tolerance subjects (12.69%); logistic regression analysis revealed that subjects with GG genotype of rs2920502 in PPARγ had less risk for prediabetes/diabetes compared to CC genotype (odd ratio (OR): 0.715; 95% confidence interval (CI): 0.527-0.97, P = 0 031). The frequency of TT genotype in rs3856806 was significantly higher in prediabetes/diabetes subjects than in the normal glucose tolerance subjects; logistic regression analysis showed that subjects with TT genotype of rs3856806 in PPARγ had higher risk for diabetes compared to CC (OR: 1.58, 95%CI: 1.104-2.761, P = 0 032). Furthermore, we, respectively, performed a logistic regression analysis under a recessive inheritance model (GG versus GC + CC) in rs2920502 and a dominant inheritance model (TT + TC/CC) in rs3856806; the regression showed that the odd ratio for GG versus GC + CC in rs2920502 was 0.506 (95%CI: 0.282-0.906, P = 0 022) and the odd ratio for TT + TC/CC in rs3856806 was 1.479 (95%CI: 1.026-2.133, P = 0 036). These were in accordance with the allele frequency analysis, which implied that G allele carriers in rs2920502 were less susceptible to develop diabetes and T allele carriers in rs3856806 were more susceptible to develop diabetes. No significant difference was found at other loci in PPARγ (Table 4 ). There was no significant difference in the genotype of each SNPs in UCP2 (Table 4 ).
Haplotype Analysis.
There was a linkage disequilibrium in PPARγ and UCP2, respectively. The haplotype frequency distribution of each gene between prediabetes/diabetes and normal glucose tolerance was summarized in Table 5 ; however, haplotype frequency was not significantly different between prediabetes/diabetes and control.
Association of Genotype with Demographic
Characteristics. In UCP2, the waist-to-hip ratio in subjects with AA genotype of rs7109266 were higher than that in subjects with GG or GA genotype, but age, BMI, and blood pressure were not different among genotypes of other SNPs (Table 6 ). Age, BMI, blood pressure, and waist-to-hip ratio were not different among genotypes of selected SNPs in PPARγ (Table 7) .
Association of Genotype with Insulin Secretion Function,
Blood Glucose, and Lipid Profiles. Subjects with TT genotype of rs649446 or with AA genotype of rs7109266 in UCP2 had higher fasting insulin, HOMA-IR, and HOMA-β than subjects with other genotypes, but blood glucose profiles including fasting and 2 hr postprandial glucose were not significantly different among genotypes (Table 8 ). There was no significant difference in glucose profiles and insulin secretion in other loci of UCP2 (Table 8 ). The serum lipid TC, TG, HDL-C, and LDL-C were not significantly different among genotypes of selected SNPs in UCP2 (Table 9) . Subjects with GG genotype of rs2920502 in PPARγ had better HbA1c, 0 min, 30 min, and 120 min blood glucose, increased 60 min and 120 min insulin secretion after taking 75 g glucose, and lower serum TC, TG, and LDL-C compared to GC/CC genotypes (Table 10) ; the HOMA-IR in GG genotype was lower than GC/CC genotypes. Subjects with TT genotype of rs2920503 in PPARγ had better HbA1c, 0 min, 30 min, 60 min, and 120 min blood glucose and had increased serum insulin in 120 min after taking 75 g glucose compared to TC/CC genotypes (Table 10) . Subjects with TT genotypes of rs3856806 had higher fasting blood glucose than TC/CC genotypes, and postprandial blood glucose and insulin secretion were not significantly different among genotypes. The blood glucose at 0 min, 30 min, 60 min, and 120 min after taking 75 g glucose in subjects with AA/GG genotype of rs79310821 were better than subjects with GA genotype. The blood glucose at 0 min, 30 min, 60 min, and 120 min after taking 75 g glucose in subjects with TT/GG genotype of rs79310821 was better than that in subjects with TG genotype, and index of insulin secretion-HOMA-β, DI30, and DI120 were higher in TT/GG genotype than in TG genotype. The serum lipid profiles were not significantly different in other loci in PPARγ (Table 11 ).
3.6. Association of Genotype with Inflammation. There was no significant difference in TNF-α among genotypes in UCP2. The serum IL-6 was higher in subjects with TT genotype of rs660339 than in GG/GA genotype, and IL-6 was higher in subjects with TT genotype of rs649446 than in CC/TC genotype (Table 12 ). There was no significant (Table 13 ).
Discussion
The effects of UCP2 on proton leakage and the decline in ATP synthesis in β-cells show that this protein is a negative regulator of insulin secretion. Increased expression of UCP2 results in decreased ATP synthesis, which inhibits ATP-sensitive potassium (K-ATP) channels, leading to the decline of glucose-stimulated insulin secretion [1] . Our previous study showed that UCP2 deficiency led to the amelioration of lipid metabolism and improved blood glucose by simultaneously promoting insulin sensitivity and β-cell function [1, 2] . Obesity and T2DM closely associated with SNPs in UCP2, including rs660339 (Ala55Val), rs659366 (-866G/A), and rs591758 [7] . In this study based on Chinese Han population in Beijing district, we selected 8 SNPs in the functional region of UCP2, and the results indicated that the alleles and genotypes were not significantly different between prediabetes/diabetes and control. Further genotype and clinical features analysis showed that subjects with TT genotype of rs649446 or subjects with AA genotype of rs7109266 in UCP2 had higher HOMA-IR and HOMA-β, subjects with AA genotype of rs7109266 also had higher waist-to-hip ratio, which suggested that subjects with TT genotype of rs649446 or subjects with AA genotype of rs7109266 were more susceptible to develop insulin resistance. Previous study showed that human islets with GA genotype of UCP2-866 polymorphism have decreased glucose-stimulated insulin secretion compared to GG genotype islets [3] . However, the pathway between UCP2 polymorphism and HOMA index has not been elaborated clearly. The study was the first one to investigate the association of the above SNPs with insulin resistance in Chinese Han population in Beijing district, it probably could give certain suggestion to prevent insulin resistance in early stage by classifying the genotype of the above SNPs inUCP2. The inflammation pathway is involved in the pathophysiology of diabetes and obesity. The study indicated that subjects with GG/GA genotype of rs660339 in UCP2 had higher serum IL-6 levels than those with AA genotype, and subjects with TT genotype of rs649446 had higher IL-6 than those with CC/TC genotypes. IL-6 is a central player in the regulation of inflammation, leading to insulin resistance. Its quantitative release from adipose tissue results in a subclinical and systemic elevation of IL-6 plasma levels with increasing body fat content, which may be implicated in the proinflammatory state leading to insulin resistance [20] .
On the other hand, IL-6 produced in the working muscle during physical activity could act as an energy sensor by activating AMP-activated kinase and enhancing glucose disposal, lipolysis, and fat oxidation. In addition, both impaired IL-6 secretion and action are risk factors for weight gain [21] . Previous study suggested that people with GG/GA genotype of rs660339 in UCP2 had an increased risk for diabetes, obesity, and metabolic syndrome; the elevated IL-6 in the subjects with GG/GA genotype suggested that these kinds of SNP was closely related to inflammation, which play an important role in the mechanism of diabetes and its complications. PPARγ, which is a central nuclear receptor, is involved in fatty acid and glucose metabolism and is closely associated with insulin sensitivity. In clinical work, PPARγ agonist glitazone-the derivative of thiazolidinediones-could improve insulin resistance by indirectly increasing insulin-stimulated glucose uptake in adipocytes, skeletal muscle cells, and hepatocytes and inhibiting proinflammation cytokines produced from mononuclear macrophages [22] . Our previous study showed that UCP2 deficiency could improve insulin sensitivity and β-cell function by PPAR signaling pathway. PPARγ regulates UCP2 in the condition of a high-fat diet [14] . Among the selected 7 SNPs of PPARγ in our study, two loci (rs2920502 and rs3856806) were reported to be related to glucolipid metabolism [22] . This study suggested that subjects with GG genotype of rs2920502 in PPARγ, who had better early-and total-stage insulin secretion function and better serum lipid condition, had a decreased risk for diabetes in Chinese Han population of Beijing district. Prakash et al. reported that in Nanjing and Southwest district of China, GG genotype of rs2920502 was a protective factor for metabolism syndrome, GG carriers had elevated serum adiponectin, which is a kind of anti-inflammatory and antiatherosclerosis cytokine that could prevent metabolism syndrome; therefore, GG genotype of rs2920502 probably improved glucolipid metabolism by regulating the secretion of adiponectin [22] . In our study, subjects with TT genotype of rs3856806 in PPARγ had an increased risk for diabetes, and the result was in accordance with a previous study based on Chinese Han population; however, studies based on Indians and Singaporeans showed that TT genotype of rs3856806 could decrease the risk for diabetes. Evidence also showed that rs3856806 in PPARγ had a close relationship with metabolic syndrome, subjects with TT genotype had higher BMI in males, and those with TT/TC genotypes had higher systolic blood pressure, HOMA-IR, and larger body fat percentage, which were all related to insulin sensitivity. For that reason, rs3856806 was considered as the vital regulation loci of insulin sensitivity.
In our study based on Chinese Han population in Beijing district, the sample size was limited; we found that the alleles and genotypes of rs2920503, rs73813168, rs79310821, rs73021485, and rs1702907 in PPARγ had no significant 0.606 0.17 * P < 0 05 and * * P < 0 01. TNF-α: tumor necrosis factor-α; IL-6: interleukine-6. IL-6 has been nature logarithm transformed. difference between prediabetes/diabetes and normal glucose tolerance, but the genotype-phenotype analysis suggested that subjects with TT genotype of rs2920503 had better insulin secretion function and blood glucose status and subjects with AA/GG genotypes of rs79310821 or with TT/GG genotypes of rs73021485 had better blood glucose status. Studies with a larger sample size are needed to confirm the association of SNPs in PPARγ with diabetes. In summary, this study investigated the association of polymorphism of UCP2 and PPARγ with glucolipid metabolism based on Chinese Han population in Beijing district; it probably could give certain suggestions to prevent insulin resistance in the early stage by classifying the genotype of rs649446 and rs7109266 in UCP2. The polymorphism of PPARγ closely associated with glucolipid metabolism. Subjects with GG genotype of rs2920502 in PPARγ, who had better early-and total-stage insulin secretion function and better serum lipid condition, had a decreased risk for diabetes. Subjects with TT genotype of rs3856806 in PPARγ had an increased risk for diabetes.
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